Benzoylacetaldehyde Benzoylhydrazone, 5-Hydroxy-2-pyrazolines, UV, Tautomerism, Enol-imines A series of benzoylacetaldehyde benzoylhydrazones were prepared and characterised. Their UV, IR, and iH NMR spectra suggest the enol-imine structure rather than the ketoimine form of analogous Schiff bases. The pKa values of these aroylhydrazones were also measured and correlated with the Hammet substitution constants.
The reaction of aryl and aroylhydrazines with /3-dicarbonyl compounds affords monohydrazones which are easily cyclized giving the corresponding pyrazoles [1] [2] [3] . Structural studies on the openchain monohydrazone intermediates are rather scanty [4, 5] as compared to those reported for the Schiff bases derived from the condensation of /9-diketones and/or /3-keto-aldehydes with aliphatic and aromatic amines [6] [7] [8] [9] . The present work is devoted to a somehow detailed study of the structure and acid-base properties of some benzoylacetaldehyde aroylhydrazones, together with the attempts experienced for their cyclization. These aroylhydrazones are compared with other benzoylacetaldehyde Schiff bases.
At room temperature, the reaction of aqueous solutions of the sodium salt of benzoylacetaldehyde with ethanolic solutions of aroylhydrazines afforded the corresponding monoaroylhydrazones after careful acidification of the reaction mixture. Analogous to Schiff bases derived from ß-dicarbonyl compounds these aroylhydrazones can potentially exist in ketoimine (1), keto-enamine (2), or the enol-imine (3) structures [6] [7] [8] [9] besides the possible ring-chain tautomers (4) and (5) .
•Y*r W methine proton Hb that appears at about <5 8.00 (J = 13 Hz). In addition, the spectra exhibit two deshielded broad signals at <5 ca. 9.40 and 10.90 due to NH and OH protons. These two protons disappear on deuteration but the main spectral pattern remains unaffected implying that neither of these two protons is coupled to any of the other protons. The recorded spectra ( Fig. 1 ) lack any -CH2-signals the Ha-proton with phenyl group in formyldeoxybenzoin Schiff bases (6, i and j) results in the disappearance of this pair of doublets (Fig. 1) . The Hb appears as a single doublet at <5 7.80 (J = 12.5 Hz) which is coupled with the N-H-proton (<5(NHC) 9.40-9.60 (J = 12.5 Hz) ( Table II) . R,lHa)
in the <5 4.00-5.00 region and accordingly structures 1 and 5 can be ruled out. Further, structures 2 and 4 should have been expected to show at least a pair of doublets for either Ha or Hb protons of the -CH=CH-NH-grouping. The spectra of the benzoylacetaldehyde Schiff bases (6, a-h) in d 6 -DMSO, however, showed such pair of doublets at <55.90-6.22 (J = 7.5 Hz) and at <3 6.25-6.63 {J = 13 Hz) due to the Ha-proton of the keto-enamine structure (6) .
The Hb proton signals in most cases are superimposed on the aromatic signals. Replacement of K> CSH5<~-C,0H7
A great deal of evidence has been collected [6] [7] [8] [9] showing that Schiff bases derived form /?-dicarbonyl compounds with aliphatic or aromatic amines exist predominantly in the keto-enamine rather than the enol-imine or keto-imine form indicating that NH-O hydrogen bonding in keto-enamine is appreciably stronger than OH -N hydrogen bonding in enolimine form inspite of the extra resonance stabilization of the latter [7] . However, the preferential existence of the aroylhydrazones in the enol-imine (3) can be attributed to the presence of jr-p-conjugation in the hydrazone residue -C=N-N-which occurs between the ^-electrons of the -C=N-bond and the lone pair of electrons on the N 2 atom in the hydrazine residue [10] .
are characterized by absorption bands with maxima at 210 and 250 nm besides a broad asymmetric band at ca. 320 nm. The long wavelength band actually consists of two closely disposed bands differing little in their molar absorptivity. In dioxan, chloroform, or benzene, however, a well developed shoulder at 340 nm is observed besides the 320 nm band. In some cases, (3, d , e, and f) the spectra as measured in methanol show an additional band at 400 nm which completely disappears on acidification with dilute acetic acid. In 0.1 M sodium methoxide solution, on the other hand, the spectra show very intense bands at 250 and 400 nm besides a shoulder at 290 nm. Accordingly, it seems reasonable to 0 ft 'N.
O R "Q^R 8 9 In neutral methanolic solutions the ultraviolet spectra of the prepared aroylhydrazones, Table III) sh: shoulder, *: saturated solution, **: insoluble.
assume that the bands around 320 and 400-450 nm are related to the neutral (3) ana anionic species (8) respectively. Unfortunately, the spectra of the cationic species cannot be obtained with certainity since the addition of strong acids result in either decomposition or cyclization of these aroylhydrazones.
It is also observed (Table III) , that by increasing the polarity of the solvent the long wavelength band of the neutral species 3 shows a red shift accompanied by a remarkable increase in intensity. In saturated cyclohexane solutions, however, this band completely disappeared from the spectra; yet, the addition of methanol results in the reappearance. Such a spectral behaviour suggests a solvated charged excited state which is stabilized in polar solvents [11, 12] .
In the excited state, the available lone pair of the N 2 atom can participate in the ^-^-conjugation either with the imine or the carbonyl ^-electrons giving 3i or 3 ii, respectively. The absorption near 320 nm may arise from transitions between the ground state 3 to the solvated charged excited state 3i and/or 3 ii. This is confirmed by the similarity observed between the spectra of these aroylhydrazones with those recorded for cinnamaldehyde N,N-dimethylhydrazone and aroylhydrazones [13] .
The ultraviolet spectra of aqueous solutions of benzoylacetaldehyde aroylhydrazones were found to be very sensitive to pH variations. By the gradual increase in the pH values, the band at 320 nm shows a remarkable progressive decrease in intensity with a simultaneous development of a new band at 400 nm. The absorption curves pass through a sharp fixed isobestic point through the whole range of pH values suggesting the existence of two light absorbing species in equilibrium, namely the neutral 3 and the anionic species 7 i-iii. This was confirmed from the analysis of the spectrophotometric data using Colman, Verga, and Mastin giaphical method [14] .
From absorbances, at 400 nm measured at different pH's the values of n and pKi can be calculated using the equation. pH = pKa -F n log (AB -A/A -AHB) where A, AB, AHB, n, and pKa have their usual significance [15] . The obtained pKa and n values for different aroylhydrazones are collected in Table  IV . In the enol-imine structure (3) the -OH proton is labile and can be deprotonated. The N-H proton, on the other hand, can also be deprotonated through enolization giving a highly conjugated mononegative ion (8) . Comparison of the acidity constants of aroylhydrazines (pKa= 11-12) [16] with those reported in Table IV suggests the deprotonation of the -OH rather than the N-H proton. Plotting the values of pKa cited in Table IV against the substituent constant (a) gives a straight line with a reaction constant q = -1.05 (Fig. 2) . Such a value reflects the interaction between the substituent and the negatively charged oxygen atom.
It is also observed from Table III that the position of the long wavelength band in the spectra of the mononegative ion (7 i-iii) depends on the nature of the substituent R, and introducing either electron attracting or electron releasing groups results in a red shift as compared to the parent unsubstituted 8-i x. a. Fig. 2 . Correlation of pKa of benzoylacetaldehyde aroylhydrazones with para-substituent constant. (Fig. 3) suggests two different excited states which are tentatively assigned as 7 ii and 7iii depending on the nature of the substituent R. Thus, taking into consideration these limiting resonating structures as well as the variation of the pKa with substituents it seems reasonable to assume that the negative charge of the anion is completely delocalized and structure 9 can be proposed for the ground state of the mononegatively charged ion.
7-
It is of interest to note that the electronic spectra of Schiff bases do not change with pH values up to pH * 12 which is expected from their keto-enamine structure (6) . However, the relative ease of deprotonation of corresponding aroylhydrazones to a mononegative anion provides a further evidence for their enol-imine structure (3).
The infrared spectra of the prepared aroylhydrazones are in agreement with the proposed enol-imine structure (3) and show the y-NH-, amide I and amide II bands at ca. 3330, 1670, and 1550 cm -1 , respectively; besides a strong band at 1640 cm -1 due to the azomethine stretching.
The formation of pyrazoles from monohydrazones of ß-dicarbonyl compounds proceeds via 5-liydioxy pyrazoline intermediates. In some cases, it was possible to isolate some of these intermediates for which either structure 4 or 5 was assigned [4, 5] . When an ethanolic solution of benzoylacetaldehyde aroylhydrazone (3, a, b, d, e, and g) was refluxed with acetic acid it was possible to isolate crystalline 1 -aroyl-5-hydroxy-5-phenyl-2-pyrazoline intermediate rather than the expected pyrazole. The same 2-pyrazoline derivatives were also obtained by the direct action of the aroylhydrazines on the free benzoylacetaldehyde in ethanol. In ether solutions, however, the only reaction product obtained was the open-chain aroylhydrazone.
The structure of these 2-pyrazolines was proved through a study of their H NMR, ultraviolet, and infrared spectra as well as their mass spectral fragmentation patterns. In deuterated pyridine, the H NMR spectra of 5 (a, b, and d) show a doublet at 6 3.00-3.50 ppm due to methylene hydrogens and a triplet at <5 5.50-6.00 ppm due to the C 3 protons besides a complex multiplet of the aromatic protons at 6 6.80-8.00 ppm. The broad signal at <5 5.00 ppm, which disappears on deuteration, can be attributed to the tertiary OH proton. In all these compounds the presence of the ring methylene signals provides an evidence for the 2-pyrazoline (5) rather than the 3-pyrazoline structure (4).
Both the ultraviolet and the infrared spectra of these compounds (5, a, b, d , e, and g) are also consistent with the 5-hydroxy-2-pyrazoline structure. The ultraviolet spectra show r the expected azomethine and aroyl n-n*-transition at 325 and 270 nm [17] .
The infrared, on the other hand, show a band at 3200 cm -1 due to a hydroxyl group with no strong intermolecular hydrogen bonding besides the amide I and the C=N bands at 1680 and 1630 cm" 1 , respectively.
Further evidence confirming the 2-pyrazoline structure has been derived from the study of the mass spectral data for some of the prepared compounds. The mass sepctra of 5, a, and d show their corresponding molecular ions at m/e 266 and 300, recpectively. In case of 5b, however, it was impossible to detect any ion corresponding to its molecular ion m/e 280. The observed fragmentation pattern, in general, can be explained in terms of the proposed structure 5.
The mass spectra of 5 a and 5d show fragments corresponding to (M-16), (M-17), and (M-18). The (M-16) fragment can be formulated as (i) generated via McLafferty rearrangement [18] followed by elimination of oxygen atom while the (M-17) (ii), and the (M-18) (iii) species respectively are formed by the loss of an OH radical and a water molecule. Elimination of the aroyl radical from (ii) gives fragment (iv) with m/e 144, while its elimination from the original M after the rearrangement and simultaneous expulsion of an oxygen atom gives the ion (v) with m/e 145.
In pyrazoles, the N-N rupture followed by nitrile or hydrogen cyanide molecule elimination results in the formation of an azirinium ion [19] . Herein, it seems reasonable to formulate the fragment m/e 116 (vi) as formed through (iii) by the rupture of the N-N bond followed by the successive elimination of HCN molecule and an aroyl radical. Similarly, the formation of (vii) from (ii) can be tentatively proposed. The peak at m/e 131 can be assigned for the ion (viii) indicating C-N bond rupture. This seems consistent with the well established fact that pyrazolines undergo decomposition to cyclopropane derivatives [20] .
Furthermore, the presence of the species (ix) in the spectra of both 5 a and 5 d confirms the presence of a tertiary carbon atom in structure 5.
In all the cases studied the mass spectra of the 2-pyrazoline derivatives (5) show the aroyl fragment as the base peak besides another fragment corresponding to a phenyl or substituted phenyl. In case of 5 b the p-CICeHvCO-, and the p-Cl-C6H4 fragments appear as two doublets at 139, 140; and 112, 113, respectively, with intensity ratio 1:3.
The 5-hydroxy-2-pyrazoline derivative as well as the open-chain aroylhydrazones prepared in this work failed to give the theoretically possible Nacylpyrazoles or even the N-free pyrazole derivatives using the convential dehydrating agents such as concentrated sulphuric acid, polyphosphoric acid, acetic acid, phosphorus oxychloride, as well as heating under vacuum. In all the cases studied, the only identified product was the N,N'-diaroylhydrazine together with some resinous material from which it was rather difficult to isolate any other pure compound. The same N,N'-diarylhydrazines were also obtained when a benzene solution of the open-chain monoaroylhydrazones were refluxed in presence of acetic acid. The sym-N,N'-diaroylhydrazines obtained were identified by their melting and mixed melting point compared with authentic prepared samples. The sym-N,N'-diaroylhydrazines were also characterized by their ultraviolet and infrared spectra.
Experimental

Physical measurements
All melting points are uncorrected and were determined on a Kofler block, IR spectra were recorded on Unicam SP 200 spectrophotometer and solid samples were examined as Nujol mull and/or as KBr discs. The electronic spectra were measured with a Unicam SP 800 spectrophotometer and some measurements were also made on a Carl Zeiss PMQ II spectrophotometer. iH NMR spectra were recorded with a Varian A 60 A spectrophotometer at 38 °C using TMS [6 -0) as internal standard. Mass spectra were recorded on AEI MS 902 spectrometer. pH values used in determination were measured on a digital pye pH meter which was calibrated with buffers of pH 4.00 and 7.00. The pH values of different solutions were kept constant using KH2PO4-KOH buffer. The ionic strength of all solutions were kept constant at 0.1 using AR potassium chloride.
i) Preparation of the starting materials: Benzoylacetaldehyde was prepared as its sodium salt by the condensation of acetophenone with ethyl formate in presence of sodium ethoxide [20] .
The aroylhydrazines were prepared by the reaction of hydrazine hydrate with the corresponding ester according to the standard method [21] .
ii) Preparation of Schiff bases: An alcoholic solution of the arylamine (0.1 M) was added with stirring to a solution of the /?-keto-aldehyde sodium salt (0.1 M) in alcohol or in water. The product was then separated, washed with water and crystallized from appropriate solvent (Table VI) .
iii) Preparation of benzoylacetaldehyde aroylhydrazones: A clear solution of the sodium salt of benzoylacetaldehyde (0.1 mole) in water (250 ml) was treated with an aqueous solution (200 ml) of the aroylhydrazine (0.1 mole). The reaction-mixture was then stirred for 20-30 min and carefully acidified with cold 10% hydrochloric acid up to pH 5. Stirring was continued for further 10 min during which the aroylhydrazone which separated out, was filtered, washed thoroughly with water, dried then crystallized from appropriate solvents (Table V) , and their purity was checked by TLC. The prepared aroylhydrazones together with their elemental analyses are listed in Table V .
iv ) Preparation of 1 -aroyl -5-hydroxy -5 -phenyl 2-pyrazolines (5):
Method A: An etheral solution of free benzoylacetaldehyde (0.01 mole) was mixed with the solution of the aroylhydrazine (0.01 mole) in absolute ethanol (70 ml). The resulting mixture was then refluxed for 15 min, then filtered while hot. The clear filterate was evaporated under vacuum, to dryness. The residue was crystallized several times from the appropriate solvent cited in Table VII. Method B: A solution of benzoylacetaldehyde aroylhydrazone (3 g) in ethanol (50 ml) was refluxed with glacial acetic acid (5 ml) for 30 min. The solid pyrazoline which separated out on cooling was filtered, washed with ethanol then crystallized. The prepared pyrazolines are given in Table VII . 
